We examine the effects of the terms of trade and the expected real interest rate differential on the real exchange rate in a sample of small open developed economies. We employ cointegration analysis to search for possible long-term linkages. We find that while both the terms of trade and the expected real interest rate differentials affect the real exchange rate in the long run, the role of the terms of trade generally proves more consistent across countries. The speed of adjustment for the expected real interest rate differential in the error-correction model, however, is quantitatively larger than it is for the terms of trade.
I.

Introduction
Few issues in international finance attract more attention than the determination of the real exchange rate.
Yet this issue remains open; little consensus exists on the appropriate set of fundamental factors that explain the real exchange rate (e.g., Baxter 1994 , Chinn 1991 , Coughlin and Koedijk 1990 , MacDonald 1998 , and Mussa 1990 . Different studies consider different fundamental factors. Moreover, sometimes the theoretical work does not connect with empirical practice. For example, while theoretical work investigates extensively the relationship between terms-of-trade shocks and the real exchange rate, empirical work on large developed countries generally overlooks the role of the terms of trade in determining the real exchange rate.
The existing empirical literature generally considers either large developed or small developing countries. That literature explores the effect of the expected real interest rate differentials (both short-term and long-term) on real exchange rates, usually for large countries, and generally finds little evidence of a long-run relationship. In large economies, however, other fundamental factors (e.g., domestic and foreign productivity, capital accumulation, wealth, saving, and so on) may determine the real exchange rate. On the other hand, the existing research on real exchange rates for small economies generally considers developing countries, where fundamental differences in capital mobility and trade barriers exist.
We examine whether the real interest rate differential and the terms of trade possess a long-run relationship with the real exchange rates (against the US dollar) in nine small, developed economies (Australia, Austria, Canada, Italy, Finland, New Zealand, Norway, Portugal, and Spain).
1 Each country incorporates a relatively high degree of openness in both goods and financial markets. Although researchers propose numerous possible determinants, we confine our analysis to the long-term expected real interest rate differential and the terms of trade as the major proximate exogenous long-run 1 We do not choose other small European countries because the movements of their nominal exchange rates were restricted within the 2.25 band of the European Monetary System (EMS) after 1979. We consider Italy, however, because its currency moved within a wider band and it realigned its exchange rate more frequently than other members of the EMS.
determinants of the real exchange rate. 2 In those theoretical models that maintain a monetary spirit but incorporate rigidities, a currency's appreciation inversely relates to the real interest rate differential (between foreign and home real interest rates) (Meese and Rogoff 1988 , Frankel 1979 , Mussa 1982 , and Obstfeld and Rogoff 1996 . The failure to find strong empirical support for this relationship prompts researchers to seek other variables that along with the interest rate differential cointegrate with the real exchange rate. 3 In this paper, we find cointegration between the real exchange rate, the real interest rate differential and the terms of trade. The expected real interest rate differential captures financial market developments, especially capital flows, and the terms of trade captures goods market developments.
Although some researchers (Gruen and Wilkinson 1994, and Amano and van Norden 1995) investigate the relationship between the real exchange rate, the terms of trade, and the expected real interest rate differential in the context of small developed economies (i.e., Australia and Canada, respectively), our research differs qualitatively. By examining a group of small developed economies, we can determine if any of the findings of Gruen and Wilkinson (1994) or Amano and van Norden (1995) represent general rather than idiosyncratic results.
Since we find that the real exchange rate cointegrates with the long-term interest rate differential and the terms of trade, the findings of Gruen and Wilkinson (1994) and Amano and van Norden (1995) generalize to our nine-country sample. Moreover, the terms of trade more consistently and more strongly affect the real exchange rate than the expected real interest rate differential. That result contrasts with Gruen and Wilkinson's (1994) finding that the long-term interest rate differentials prove quantitatively more important than the terms of trade. Finally, although the real exchange rate cointegrates with the real 2 That we find cointegration between those three variables validates our narrow focus and allows the estimation of the error-correction model that encompasses only those three variables. Further research can expand this list of potential long-run determinants. Our current investigation provides consistent evaluation of the potential role of the terms of trade and the expected real interest rate differential across a relatively homogeneous group of small open developed economies.
interest rate differential and the terms of trade, the magnitude and signs of such effects differ across countries.
II. Literature Review
Empirical research on exchange rates in the 1970s and 1980s focuses largely on the short-run movements of exchange rates reflecting the increased exchange rate volatility after the abandonment of the BrettonWoods system and the failure of asset models to provide an adequate explanation of exchange rate changes. More recently, however, some focus shifts to real variables and the long-run adjustment of real exchange rates.
A number of studies consider whether real interest rate differentials explain real exchange rate movements. Meese and Rogoff (1988) , Edison and Pauls (1993) , and Coughlin and Coedijk (1990) do not find a cointegrating relationship between real exchange rates and expected real interest rate differentials.
These three papers use the Engle-Granger cointegration method. 4 Huizinga (1987) , after decomposing real exchange rate movements into permanent and transitory components, shows that the transitory component of the real exchange rate accounts for only a small portion of actual real exchange rate variation. Moreover, Campbell and Clarida (1987) conclude that movements in the ex ante real interest rate differential do not offer large or persistent enough change to account for the variability in the real exchange rates.
The failure of expected real interest rate differentials alone to explain real exchange rate movements prompted researchers to expand the set of explanatory variables. The empirical literature now considers domestic and foreign productivity proxies (Edwards 1989 , Meese 1990 , Huizinga 1987 , Coughlin and Koedijk 1990 , Faruqee 1995 , Stein 1994 , Strauss 1996 , Williamson 1994 , and Zhou 1995 , capital accumulation (Edwards 1989 , Stein 1994 , and Williamson 1994 , cumulated current account balances (Edison and Pauls 1993, and Coughlin and Koedijk 1990) , the level and composition of 4 Chinn (1991) argues that while the fundamentals are appropriate, the functional form is not. government spending (Edwards 1989 , Meltzer 1993 , and Zhou 1995 , saving (Stein 1994) , and the terms of trade (Faruqee 1995 , Gruen and Wilkinson 1994 , Edwards 1989 , and Amano and van Norden 1995 .
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Empirical analysis of real exchange rates usually perform better at longer horizons, making techniques, such as Johansen's (1988) cointegration analysis, relevant for examining long-run relationships between real exchange rates, expected real interest rate differentials, and other explanatory variables. Amano and van Norden (1995) find that the Canadian-U.S. real exchange rate depends on movements in the terms of trade, and that the influence of monetary factors, as reflected in expected real interest rate differentials, is only secondary. Gruen and Wilkinson (1994) , also using cointegration methods, consider Australia's trade-weighted real exchange rate and find that both the terms of trade and the real interest rate differential explain the real exchange rate during the period of floating exchange rates. Unlike Amano and van Norden (1995) , Gruen and Wilkinson (1994) find that the real interest rate differential is qualitatively more important than the terms of trade in explaining the real exchange rate. Hansen and Hutchison (1996) consider the terms of trade along with the supply of nontraded goods as possible "real" determinants of the nominal exchange rate. They use an error-correction model to examine New Zealand data for the period 1979-1993 and find that a long-run equilibrium relationship exists among these variables. 6 MacDonald (1998) examines the long-term determinants of real effective exchange rates for Japan, Germany, and the U.S., reversing much of the findings in the previous literature and finding evidence of cointegration between the real exchange rate and real interest rate differentials as well as other determinants -the terms of trade, productivity differentials, relative fiscal balances, and net foreign assets.
The terms of trade and the expected real interest rate differentials appear together in a few studies (Gruen and Wilkinson 1994, and Amano and Van Norden 1995) .
6 Faruqee (1995) and Kawai and Ohara (1997) both include the terms of trade in the real exchange rate equation along with a broad set of other variables (productivity, relative price of traded to nontraded goods, and the stock of net foreign assets as a share of GNP). They find that the real exchange rate may or may not cointegrate with the terms of trade; the results are idiosyncratic.
7 MacDonald and Nagayasu (1999) discover a long-run relationship between the real exchange rate and the real interest rate differential for a panel of 14 OECD countries (including the countries in our sample, except for Finland, Several studies consider these issues in samples of developing countries. Odedokun (1997) uses the terms of trade in a real exchange rate equation for developing (African) countries. Krumm (1993) considers the terms of trade as one factor among a set of structural determinants of the (equilibrium) real exchange rate in the medium-term for Tanzania and the Philippines. Edwards (1989) examines pooled data for 12 developing countries concluding that the external terms of trade, a real fundamental, affects the equilibrium real exchange rate.
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Trade theorists see the effects of changes in the terms of trade mainly as an exogenous shock to the real exchange rate in the context of small open economies. 9 The existing theoretical research, however, provides conflicting views on whether a terms-of-trade deterioration appreciates or depreciates the real exchange rate (see Neary, 1988) .
Thus, the empirical literature on real-exchange-rate determinants considers primarily large developed economies (e.g., Meese and Rogoff 1988, Edison and Pauls 1993 , and so on) and/or developing and middle-income countries (e.g., Edwards 1989) . Less attention focuses, however, on small open developed economies. We examine whether expected real interest rate differentials and the terms of trade explain the real exchange rate in such countries. The small country assumption implies that the country takes prices in goods markets and the terms of trade as exogenous. Real interest differentials capture financial market developments, while the terms of trade affects the relative demand for and supply of domestic and foreign goods. All countries in our sample possess a relatively high degree of openness in both goods and assets markets.
Portugal, and Spain). Interestingly, for our purposes, they find little evidence of a long-run relationship on a countryby-country basis.
8 Specifically, this empirical work supports the view that an improvement in the terms of trade results in an appreciation of the real exchange rate. Edwards (1989) also includes other variables --government consumption of nontraded goods, a proxy for exchange and trade controls, a measure of technological progress, the ratio of investment to GDP, and the lagged ratio of net capital flows to GDP. He does not consider, however, real interest rate differentials. 9 The real exchange rate equals the price of traded to nontraded goods.
III.
The Model
Two basic methods exist for specifying real exchange rate determination -structural and time-series models. 10 The structural approach uses time-tested theoretical concepts such as purchasing power and uncovered interest rate parity to specify the relationship between the real exchange rate and its determinants. Meese and Rogoff (1988) provide a typical derivation of the short-run relationship, for example, between the real exchange rate, on the one hand, and the expected real interest rate differential and the long-run real exchange rate, on the other.
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The typical result of such an exercise 12 gives the following expression:
where and are the natural logarithms of the short-and long-run real exchange rates, ( is the real interest rate differential, and
Variations in the real exchange rate partly reflect variations in the flexible-price equilibrium real exchange rate and in the expected real interest rate differential.
Although this model incorporates sticky-price considerations (as reflected in the expected real interest rate differential), it does not permit real shocks that affect the long-run equilibrium real exchange rate.
Researchers then hypothesize determinants of the long-run real exchange rate and derive the final estimating relationship. 13 A number of real variables possibly determine q t . In Hooper and Morton (1982) , for example, q t varies over time as a function of home and foreign cumulated trade balances. Edison and Pauls (1993) introduce other variables such as cumulated current accounts, but generally with negative results. As noted above, MacDonald (1998) finds cointergration between the real exchange rate 10 Zellner and Palm (1974) show the direct link between dynamic structural and time-series models. That is, dynamic structural models reduce to a series of univariate ARIMA models for the endogenous variables with restrictions on the coefficients of the ARIMA models dictated by the structural specification. Ahking and Miller (1987) provide an example for models of exchange rate determination. 11 Other researchers (e.g., Baxter 1994 , Coughlin and Koedijk 1990 , and Gruen and Wilkinson 1994 also adopt this approach.
12 Appendix A provides details. 13 Note that the resulting relationships are basically error-correction models with coefficient restrictions that limits the scope of short-run adjustment based on the short-run theoretical structural model initially proposed. and the real interest rate differential alone, and in combination with the terms of trade, differences in productivity, relative fiscal balances, and net foreign assets.
The non-structural time-series approach begins by defining the determinants of the long-run real exchange rate, which is identified as a cointegrating relationship. Then the dynamic short-run movements in the real exchange rate flow out of an error-correction model that incorporates the real exchange rate and its long-run determinants.
We postulate that the long-run real exchange rate depends on the real interest rate differential and the terms of trade.
14 We also adopt the non-structural, time-series method for modeling the real exchange rate in the long and short run. Thus, we specify the long-run equation as follows:
where id t is the real interest rate differential, and ττ t is the natural logarithm of the terms of trade. Then the short-run adjustment follows an error-correction specification as follows: 
where
represents the lagged residuals of the cointegrating relationships and α j (j=1,2,3) equal the speed of adjustment parameters. (home country), respectively, and e is the average quarterly nominal exchange rate. 16 For the terms of trade, we use the ratio of export unit value to import unit value when available and the ratio of export prices to import prices otherwise. The expected real interest rate equals the difference between the interest rate on long-term government bonds and the expected inflation rate, where the expected inflation rate equals a two-year centered moving average, incorporating both backward and forward-looking elements.
All variables are in logs, with the exception of the real interest rates.
Unit-Root Tests
We perform the augmented Dickey-Fuller (ADF) test to determine whether the real exchange rates, the real interest differentials, and the terms of trade are stationary. The Akaike information criterion (AIC) and Schwartz Bayesian criterion (SBC) select the optimal lag length (k). Usually these two criteria identify the same lag length. When the lag lengths selected differ but the results of the two models agree regarding the existence of the unit root, we report the statistics with the lag length suggested by SBC.
15 Equation (2) The ADF tests for the real exchange rate (q t ), the terms of trade (ττ t ), and the real interest differential (id t ) rely on the following specification:
where x t equals q t , ττ t , and id t in turn, tr is a time trend, and ε is a well-behaved random error.
Cointegration and Error-Correction Analyses
We adopt Johansen's (1988) maximum likelihood technique to conduct our cointegration analysis. If at least one cointegrating vector exists, then according to Granger (1983) and Engle and Granger (1987) a valid error-correction representation of the data must exist, as seen in equations (3), (4), and (5).
In the error-correction model, the disturbance term related to the real interest rate could potentially exhibit autocorrelation as a result of the overleaping in data from using quarterly data when expectations are calculated on a 2-year horizon. Such concerns, however, are alleviated by the lag selection procedure of the lag length of the VAR. This specification assumes one cointegrating vector, which, as we show below, is consistent with our findings. If we had two cointegrating vectors, then we would need two error-correction terms in the error-correction model.
Lag-Order Determination
Before proceeding further, the optimal lag length (s) for the vector error-correction model ensures Gaussian residuals. We first consider the AIC and SBC criteria, applied to the unrestricted VAR model in levels given by equations (3) to (5). In some cases, however, these two criteria suggest a relatively large number of lags, consuming degrees of freedom. We use a likelihood ratio test statistic to exclude 16 The nominal exchange rate equals the price of foreign currency (US dollars) in terms of the home currency. unnecessary lags (Sims 1980 , Holden and Perman 1994 , and Enders 1995 . This method follows the general-to-specific model selection procedure.
While some researchers (e.g., Hatanaka 1996, and Holden and Perman 1994) test sequentially for the exclusion of individual lags, others test sequentially for the exclusion of groups of lags (e.g., Enders 1995). We test the sequential exclusion of lags in both forms.
Deterministic Components in the Data and the Cointegration Space
Inappropriate assumptions about the existence of deterministic components in the time series can produce misleading inferences. For example, the exclusion of a relevant trend causes bias, making the rejection of the null hypothesis of non-stationarity unlikely.
Different assumptions about the presence of deterministic components in the time series and about the presence of intercepts and/or trends in the cointegrating relationships relate to different asymptotic distributions (Johansen 1992) . No generally accepted criterion exists that allows a researcher to specify the best model a priori. Deciding, for example, whether a trend exists (and if it is linear or not) by visual inspection of time-series plots of the data reflects standard practice (e.g., Strauss 1996) . Such an ad hoc approach, however, can easily prove misleading.
17 Although Johansen (1992) moving from the most restrictive sub-hypothesis to less restrictive ones and stopping the first time that a model fails to reject the null) as more narrow than Johansen's suggestion. For some data sets, the more restrictive sub-hypotheses make the rejection of the null of no-cointegration easier.
17 Another method tests more formally for the presence of a trend in a series y t by running a regression, y t = γ 0 + γ 1 tr+ γ 2 (tr)
2 + e t . Since we know, however, that the series are non-stationary, the R 2 and the t-and F-statistics are not reliable.
We follow Harris's (1995) approach and consider different models that provide different combinations of assumptions about the deterministic components in the series and the presence of trend or intercept in the cointegrating equations following the work of Osterwald-Lenum (1992) . In particular, we consider a model with a constant in the cointegrating vectors, a model with trends in the time series and a constant in the cointegrating vectors, and a model with both a constant and a linear trend in the cointegrating vectors. All three models allow for a constant in the cointegrating space because we use index numbers in our equations.
V.
Results Table 1 The positive sign on the terms of trade in some countries does not necessarily contradict theory, however, because the predictions of the theoretical literature for the effects of terms-of-trade changes on the real exchange rate are more complicated. First, the real appreciation of the domestic currency when the terms of trade improve may reflect a relatively high weight of exportables in the home price level so that the rise in the price of the exportables raises the home price level. Similarly, the depreciation of home currency rate when the terms of trade improve may result from a relatively high weight of importables in the home price level. Second, a terms-of-trade improvement should unambiguously lead to a real exchange rate appreciation only when the traded and nontraded goods are substitutes. In that case, both the direct effect from a terms-of-trade improvement on income and the indirect effect through the relative price of traded goods result in an increase in the demand for nontraded goods and therefore to a real exchange rate appreciation. If, however, the traded and nontraded goods are complements, then the indirect effect of the terms-of-trade improvement through the relative price of traded goods leads to a decline in the demand for nontraded goods and to a real exchange rate depreciation. Therefore, the overall effect of the a terms-of-trade improvement on the real exchange rate cannot be determined without The expected real interest rate differential possesses the predicted negative relationship with the real exchange rate in five countries (Australia, Canada, Finland, Italy, and Portugal). Failure to verify empirically that high real domestic interest rates lead to a real currency appreciation is not uncommon, usually attributed to the use of monetary policy to defend pegged exchange rates (e.g., International
Monetary Fund 1996). Since our sample considers exchange rates that were more or less flexible, we believe that this result may exist because of the presence of different restrictions on capital flows.
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We test whether we can exclude the real interest rate differential from the estimated cointegrating relationship, using the likelihood ratio test suggested by Johansen and Juselius (1990) . Testing for exclusion restrictions, we cannot exclude the real interest rate differential in the five countries where it displays the predicted negative sign (Table 4) . We can exclude it, however, in two countries where it displays the non-predicted, positive sign (Austria and Norway). That leaves the task of resolving the puzzle (of the positive sign) in two countries (New Zealand and Spain). New Zealand preserved capital controls until 1983, and also experienced both fixed and flexible exchange rate regimes during that period. Although we break the sample to include only fixed or flexible exchange rates below, we still cannot obtain definitive results (possibly because the sub-samples are too short). Spain, on the other hand, kept capital controls throughout the period considered, including both a flexible exchange rate period and their ERM participation with wide margins.
We also test whether we can exclude the terms of trade from the estimated cointegrating relationships (Table 4) . We can strongly reject the null hypothesis of excluding the terms of trade from the cointegrating vectors for all countries. In general, the terms of trade prove more important at the margin than the expected real interest rate differentials. Those results prove consistent with the earlier findings of Gruen and Wilkinson (1994) and Amano and van Norden (1995) for Australia and Canada, respectively, showing that in addition to monetary factors, the terms of trade provide an important explanatory variable of the real exchange rate in the long run. In contrast to Gruen and Wilkinson (1994) , however, our results suggest that the terms of trade prove quantitatively more important in explaining the long-run real exchange rate that the real interest rate differential. 20 Our results for Canada support Amano and van Norden's (1995) findings. adjustment requires that the corresponding α 2 or α 3 is positive (negative). That outcome occurs in every case except for Australia's expected real interest rate differential, and Spain's terms of trade. For those two anomalies, neither speed of adjustment coefficient is significant. Stabilizing adjustment also requires that the speed of adjustment coefficient in the real exchange rate equation (α 1 ) is negative, which occurs in every case.
Limiting our discussion to significant and stabilizing speed of adjustment coefficients, several observations emerge. First, movements in the expected interest rate differential provide stabilizing adjustment toward long-run equilibrium in six countries (Austria, Canada, Finland, Italy, Norway, and Spain). Second, the terms of trade produce stabilizing adjustment toward long-run equilibrium in five countries (Australia, Austria, Italy, New Zealand, and Portugal). Finally, the real exchange rate generates stabilizing adjustment toward long-run equilibrium in four countries (Canada, Norway, Portugal, and Spain). Thus, stabilizing adjustment comes from two sources in six countries (Austria, Canada, Italy, Norway, Portugal, and Spain) and from only one source in three countries (Australia, Finland, and New Zealand).
The countries in our sample have not operated under a pure float throughout the sample periods.
The relationship between the real exchange rate and its determinants may display different properties under different exchange rate regimes. All countries in our sample, however, display some degree of exchange rate flexibility. The degree of flexibility varies across countries, but each exchange rate provides sufficient flexibility. For example, we only consider those European countries within the Exchange Rate Mechanism that possessed wide bands and frequently realigned. More importantly, all exchange rates are bilateral rates with the US dollar. Thus, since the US did not peg its exchange rate during that period, all countries that pegged the currency to another country's currency or to a basket of currencies experienced some degree of exchange rate flexibility.
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In sum, the expected real interest rate differential plays an important role in the adjustment toward long-run equilibrium. It represents an equilibrating source in six countries and its speed of adjustment coefficient exceeds that of the terms of trade and the real exchange rate in every instance. That finding accords with intuition; capital flows adjust quicker than trade flows.
VI. Conclusion
The recent literature on real exchange rate determination considers the role of financial markets and capital flows, using the expected real interest rate differential as an explanatory variable. Most of this research examines large developed economies. On the other hand, empirical research on real exchange rate determinants in developing countries pays more attention to the role of exogenous real shocks.
We consider the terms of trade and the long-term expected real interest rate differential as We provide the results of the split-sample analysis in Tables B3 and B5 . Splitting the sample does not affect the results for the cointegrating vectors in Australia. As in the full sample results, the coefficients on both the real interest rate differential and the terms of trade are negative for both the fixed and flexible exchange rate periods. In New Zealand, the signs on the interest rate differential and the terms of trade during the fixed exchange rate period are the same as when we consider the full sample.
(p. 508). Moreover, he finds that the relative prices of nontraded to traded goods accounts for little of the movements of the U.S. real exchange rate. 25 Splitting the sample did not apply to other countries for various reasons. For example, the exchange rate regime in Austria and Canada did not change throughout the sample. Finland and Norway, on the other hand, switched from one exchange regime to another too often to make the splitting feasible (or meaningful). Moreover, such frequent changes of the peg and switches from pegged to flexible exchange rates practically imply a high degree of flexibility. Italy, Spain, and Portugal had flexible exchange rates before joining the ERM and once they joined all three possessed bands of fluctuations (±6%) wider than the standard. In addition, Italy realigned its central parity extremely often. Thus, the exchange rate enjoyed a significant degree of flexibility in practice. Our sample covers only one year of ERM participation for Portugal. Finally, splitting the sample is not feasible for Spain, since that leaves only six years of observations during the ERM period, too little data for cointegration analysis. 26 For a detailed chronology and typology of exchange rate regimes we follow Cottarelli and Giannini (1997) .
When we consider the flexible exchange rate period the coefficients emerging from the first cointegrating vector are consistent with those of the full sample and the fixed exchange rates period while the coefficients from the second cointegrating vector are reversed. We suspect that this result may reflect the short data span in the split-samples. On balance, however, the signs correspond for the fixed and flexible exchange rates periods.
The speed-of-adjustment coefficients in the error-correction models prove qualitatively consistent when considering the full sample and the fixed exchange rate period. With flexible exchange rates, the sign on the real interest rate differential coefficient becomes negative. In New Zealand, the coefficient on the real exchange rate is always negative regardless of the sample. It is statistically significant, however, only for one of the two cointegrating vectors of the flexible exchange rate period. The coefficient on the interest rate differential is positive in all cases except for one of the two cointegrating vectors of the flexible exchange rates period. This is, however, the only case that this coefficient appears statistically significant. The terms-of-trade adjustment coefficient has a negative sign and is statistically significant for the full sample period and for the fixed exchange rates period. When we consider the data from the flexible exchange rates period this coefficient turns positive but its statistical significance is much lower.
The above results, however, should be treated with caution since in most cases we rely on around a decade's quarterly data and this may not be the ideal data span for cointegration analysis. Table 1 . The normalization also affects the size, but not the sign, of the speed of adjustment parameters reported in Table 5 . 
